Fusarium head blight (FHB) is a devastating disease in small grain cereals worldwide. 14 The disease results in the reduction of grain yield and affects its quality. In addition, mycotoxins 15 accumulated in grain are harmful to both humans and animals. It has been reported that response 16 to pathogen infection may be associated with the morphological and developmental characteristics 17 of the host plant, e.g. the earliness and plant height. Despite the many studies the effective markers 18 for the selection of barley genotypes with increased resistance to FHB have not thus far been 19 developed. Therefore, exploring the genetic relationship between agronomic traits (e.g. heading 20 date or stem height) and disease resistance is of importance to the understanding of plant resistance 21 via "diesease escape" or dwarf stature. The studied plant material consisted of 100 recombinant 22 2 30 detected in the current study, in which many QTLs associated with FHB-and yield-related 31 characters were found. This study confirms that agromorphological traits are tightly related to the 32 FHB and should be taken into consideration when breeding barley plants for FHB resistance. 33 34 3 56 plants [9]. Although this method is widely used in the screening of resistant germplasms, the results 57 are subjective. Hence, different types of chromatography for identification and quantification of 58 mycotoxins in barley are commonly in use [10, 11]. However, due to the time-consuming and 59 costly nature of these methods, commercial immunometric assays, such as enzyme-linked 60 immunosorbent assay (ELISA), are frequently used for the monitoring of mycotoxin content [12, 61 13]. 62 Disease control is achieved by the deployment of resistant cultivars. However, breeding for 63 FHB resistance has proved difficult due to the complex inheritance of the resistance genes [14] 64 and the strong genotype-by-environment interaction [15]. 65 One of the several crop species most vulnerable to FHB infection is barley (Hordeum 66 vulgare L.). This species is a cereal crop of major importance, ranked the fourth grain crop in the 67 world in terms of production volume [16]. Its major uses are both as animal feed and as a 68 component of human nutrition [17, 18]. In addition, barley is perceived to be a model plant in 69 genetic study due to genome colinearity and synteny across rye, barley and wheat [19]. 70 Fusarium poses a real threat for barley plants especially in regions that are prone to have 71 long periods of wet weather during the flowering stage [4]. Host plants are most vulnerable to 72 infection during anthesis due to development of fungal spores on anthers and polen containg 73 nutrients [20]. Numerous morphological traits have been shown to be associated with FHB 74 resistance in barley [21]. Heading date, plant height, and spike characters (linked to spike 75 compactness) are mostly investigated [22, 23]. Days to heading is often negatively correlated with 76 FHB susceptibility and usually results in disease escape [24]. Hence, using the least susceptible 77 varieties with different flowering date may reduce FHB risks. Two categories of resistance to FHB 78 are generally recognized: type I (resistance to initial infection) and type II (resistance to fungal 79 spread within the spike) [25]. Another kind of resistance has been described as a third type and is 80 related to the accumulation of mycotoxins within the grains [26]. 4 81 6 131
inbred lines (RIL) of spring barley. Plants were examined in field conditions (three locations) in a 23 completely randomized design with three replications. Barley genotypes were artificially infected 24 with spores of Fusarium before heading. Apart from the main phenotypic traits (plant height, spike 25 characteristic, grain yield) the infected kernels were visually scored and the content of infection is caused by several fungal pathogens, among others Fusarium culmorum (W. G. Sm.) 38 Sacc and Fusarium graminearum (teleomorph stage: Gibberella zeae). The first species of 39 Fusarium has been found to dominate in regions with warm and humid conditions, whereas the 40 second has been associated with cool, wet and humid conditions [1] . The visible symptoms of the 41 disease are bleaching of some of the florets in the head before maturity stage. Other symptoms 42 include tan to brown discoloration at the base of the spike and a pink or orange colored mold at 43 the base of the florets under moist conditions. Kernels observed on the infected spikes are 44 shriveled, white, and chalky in appearance. Moreover, Fusarium spp. produce trichothecene -45 deoxynivalenol (DON) [2] . This mycotoxin disrupts normal cell function by inhibiting protein 46 synthesis [3] which can result in reducing grain quality and yield performance. Floret sterility and 47 deformed kernels contribute to significant yield loss [4] . In Europe 15 -55% of the barley products 48 are contaminated with DON [5] . 49 DON poses a real threat to human and livestock health. This mycotoxin is also known as 50 "vomitoxin" due to its emetic effects after consumption [6] . DON levels present in barley 51 (Hordeum vulgare L.) and wheat (Triticum aestivum L.) infected with FHB may vary according 52 to the time of infection and environmental factors. It is well known that infection is favored by 53 moist and warm conditions [7, 8] . While the presence of scab can be determined through visual 54 inspection, the presence of DON cannot. The assessment of disease severity is based on the ratio 55 of symptomatic spikelets on each spike and the proportion of infected spikes among the tested Studies designed to determine the number and chromosomal location of loci contributing 82 to FHB resistance and the accumulation of DON are urgently needed for the resistance breeding 83 efforts. Resistance to FHB is a complex trait controlled by multiple genes and affected by 84 environmental factors [27, 28] . QTL have been identified for both qualitative and quantitative 85 disease resistance in wheat and barley [4] . Resistance to FHB and DON level content have been 86 mapped to all seven barley chromosomes [29, 30] . The most common regions related to FHB 87 resistane have been previously reported on chromosomes 2H and 6H in many studies [3, 25, 31] . 88 Other traits including awned/awnless ears [26] and spike compactness [32] have also been studied. 89 Plant height is another parameter frequently investigated, and a negative correlation of this trait 90 with Type I FHB susceptibility has been frequently documented [33] . 91 Molecular markers have become increasingly important for plant genome analysis. 92 Different classes of DNA markers have been developed and implemented over time [34] . A new 93 genotyping platform followed in 2009 that introduced larger numbers of markers based on SNP 94 discovery in Next Generation Sequencing data when the Illumina's oligo pool assay as a marker 95 platform [35] was designed to improve the genotyping process. The 9K iSelect chip contains 7864 96 SNPs [36] and enables higher efficiency and cost reduction. In the current study this chip was 97 employed due to the favorable tradeoff between genotyping costs and marker density. 98 This study aimed to map quantitative traits loci linked to agronomic properties in mapping 99 population grown in field conditions and subjected to artificial and a Syrian breeding line (Cam/B1/CI08887//CI05761) was studied in field conditions, together 108 with both parental forms. The plant materials were described in detail in Ogrodowicz (FDKw) of kernels, which were classified as pinkish or discoloured (Fig 1, 2 The parental forms were differentiated in terms of all the studied characters (S1 Table) . 241 Lubuski showed higher mean values of traits linked to yield performance (e.g. GWS, GY,). The 242 Syrian genotype showed a lower mean value of HD in all trials and under both types of treatments 243 (heading for CamB was 11 days earlier than for Lubuski). 244 A substantial GY decline was observed for Lubuski in infection condition (40.1%). In 245 comparison, for CamB a lower relative decline for GY was observed (17.3%). Both mean value 246 for FHBi and traits associated with visual evaluation of Fusarium symptoms (FDK) increased in 247 the infection conditions. For the Syrian parent a higher mean value of DON concentration was 248 noted in comparison to that of European parent. For both parental forms low concentrations of 249 mycotoxin were also observed in control conditions. 250 The mean values of the studied traits for RILs are presented in S2 Table. Relatively high 251 values of variation coefficients were observed in location NAD under infection for traits: NSS, 252 NGS, Density, GWS and TGW. In the LES location very high values of CV were noted for traits 253 FHBi and DON in control conditions. 254 FHBi varied across locations with the mean FHBi ranging from 1.89 to 2.26 under infection 255 treatment and from 0.62 to 0.99 in control condition (S2 Table) .The amount of DON, measured in 256 grains from infected plants, varied from a maximum of 39990.00 μg kg−1 (TUL) to 8060.00 μg Correlations (based on the mean values for lines over locations) between the studied traits 267 and FHBi were statistically significant in two types of treatments but values were generally low 268 (Table 3) Results from the research conducted recently have revealed that most of the resistant barley 691 genotypes showed QTL linked to FHB on the long arm of 2H chromosome, the first a coincident 692 QTL for HD and the second associated with vrs1 gene. In our study, two major QTLs (QFHB.IPG-693 2H_1 and QFHB.IPG-2H_2) found on chromosome 2H were located in the similar positions as 694 the loci detected in previus studies (30, 86). A major confounding problem in mapping loci for 695 FHB resistance is that QTLs for the agromorphological traits (HD, length of stem and spike type) 696 are often coincident with the loci for disease resistance and they may interfere with resistance 697 evaluation [82, 83]. Furthermore, it can be difficult to reveal the genetic architecture of these 698 traits (linked QTL or pleiotropy) when many QTL are identified at the same locus. On the other 699 hand, our results support a major assumption that plant architecture and inflorescence traits are 700 associated significantly with FHB severity. 701 Out of six detected FHB QTLs in the current study, four were not classified as a loci 702 localisated in the hotspots, where many yield-related loci were detected. Although, in previously 703 conducted studies QTLs associated with FHB were found on chromosomes 3H, 5H and 7H, QTLs 704 identified in our investigation appear to be unique for FHB symptoms. Thus, the barley genotypes 705 carrying these QTLs may be used in breeding programs without the confounding effects from 706 another yield-related traits.
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